The objective of this study was to evaluate the effect of harvest at different times on the chemical composition of phenolic compounds of Artemisia herba-alba. Plant material has been harvested at three times (July, November, and May). Methanolic plant extracts were obtained by means of ultrasound-assisted extraction and then analyzed by HPLC-electrospray ionization-Q-TOF-MS for their phenolic profile. The HPLC allowed the identification of 26 phenolic compounds, 12 of them were identified for the first time for this material. The phenolic compounds detected were 8 phenolic acids, 12 flavones, 4 isoflavone, 1 flavonol, and 1 flavanone. Results showed that during the all harvesting date, phenolic acids were predominant. In November, at the flowering period, it revealed the highest accumulation of total phenolic contents (515 ± 142 mg GAE/g dry matter weight [DMW]) in the methanolic extracts. November at the flowering period was characterized by the highest levels of flavonoids 8.3 mg/g DMW and the lowest contents of phenolic acids 3 mg/g DMW.
Introduction
There has been an increasing interest in the research of flavonoids from dietary sources, due to the growing evidence of the versatile health benefits of flavonoids through epidemiological studies. As occurrence of flavonoids is directly associated with human daily dietary intake of antioxidants, it is important to evaluate flavonoid sources in food. [1] Flavonoids are an integral part of human and animal diet. Being phytochemicals, flavonoids cannot be synthesized by humans and animals. [2] Flavonoids and phenolic acids make up one of the most pervasive groups of plant phenolics. Due to their importance in plants and human health, it would be useful to have a better understanding of flavonoid concentration and biological activities that could indicate their potentials as therapeutic agents, and also for predicting and controlling the quality of medicinal herbs. [2] The genus Artemisia belongs to one of the largest and most widely distributed genera of the family Asteraceae (Compositae). It is a diverse and economically important genus and it has more than 500 species. Most plants within this genus have a great importance as medication, foodstuff, ornamentals, or soil stabilizers. [3] [4] [5] [6] Phytochemical investigations have proven that this genus is rich in terpenoids, flavonoids, coumarins, acetylenes, caffeoylquinic acids, and sterols and it has been shown that Artemisia has multiple beneficial bioactivities such as antimalarial, antiviral, antitumor, antipyretic, antihemorrhagic, anticoagulant, antianginal, antioxidant, anti-hepatitis, anti-ulcerogenic, antispasmodic, and anticomplementary activities. [7] Eleven species of Artemisia can be found in Algerian flora. [8] Artemisia herba-alba grows commonly on the Algerian steppe. This plant is widely used in the traditional medicine to treat diabetes, bronchitis, diarrhea, hypertension, and neuralgias. [9, 10] Various secondary metabolites have been isolated from A. herba-alba, perhaps the most important being the sesquiterpene lactones. Several researches have been conducted on the chemical composition of the essential oil [11] but very few studies have studied the chemical composition of polyphenols of this plant.
Several research studies have shown that the polyphenol content of a medicinal plant is very variable. In particular, environmental characteristics strongly influence the ability to synthesize secondary metabolites in medicinal plants. [12] The chemical composition of a secondary metabolite is very complex and subject to many variables. Knowing the exact constituents of these metabolites is fundamental, both to verify its quality, to explain its properties, and to predict its potential toxicity.
The aim of this study was to determine the effect of the harvest period on the phenolic compounds of A. herba-alba and evaluate the antioxidant potential of the plant extracts. This is the first study regarding the detailed chemical characterization of its phenol constituents, and the variation in the phenol profile of this plant was collected during its different ontogenic growth in order to determine the most favorable harvest time characterized by the highest content of bioactive compounds.
Experimental methods

Plant material
The aerial parts of A. herba-alba utilized in this study were collected in summer at a late vegetative stage (July, 2013) , in winter at full-flowering stage (December 2013), and in spring at early vegetative stage (May, 2014). A. herba-alba samples were collected from Ain Bel (Moudjebara locality). The collection site Moudjebara (34°30′ 15.45″N, 3°28′ 18.74″E, 1040 m above the sea) was characterized by a lower semiarid climate with an annual average temperature of 14.7°C and rainfall of 310 mm. The identification of the species was realized by Professor Dahia Mustapha, a botanist at the University of Ziane Achour, Faculty of Sciences of Djelfa, Algeria. A voucher specimen was deposited at the Herbarium of the Laboratory of Biotechnology Plants at the Saad Dahlab University of Blida. Samples were air-dried during 15 days in the laboratory in a room temperature till the weight stayed stable.
Humidity and rainfall for the months of the study were collected from nearby meteorological station belonging to the Algerian Meteorological Service to estimate the monthly mean air humidity and the monthly mean rainfall of sampling site ( Table 1) .
Preparation of Artemisia extracts
Dry plant materials was grounded to a fine powder in a mechanic grinder and extracted by ultrasound-assisted solvent extraction which were carried out as reported by Shu et al. [13] with some modifications. Briefly, plant material (0.5 g) was extracted with 20 mL of methanol in an ultrasonic bath for 30 min and centrifuged at 3500 rpm for 15 min. The extraction was repeated twice. The supernatants were collected, evaporated, and reconstituted in 1 mL of methanol. The final extracts were filtered though Whatman no. 4 filter paper and kept at −4°C before the analysis.
Total phenols (Folin-Ciocalteu)
The extracts of total phenol content were determined using the Folin-Ciocalteu reagent and tannic acid as standard as described by Adedapo et al. [14] The extract sample (0.5 mL) and 7.5 mL of sodium carbonate (20%) were added to 2.5 mL of Folin-Ciocalteu reagent. After 16-18 h of reaction at room temperature, the absorbance was measured at 765 nm in a Secomam UVI Lumière XT5 spectrophotometer. The analyses were performed in triplicate. The amount of total phenolic compounds was calculated as mg of tannic acid equivalents and expressed as mg tannic acid/g dry weight (DW) of the plant material. The calibration equation for tannic acid was y = 0.0039x − 0.0008 (R 2 = 0.9962) where y is the absorbance and x is the concentration of tannic acid in mg/mL.
Total flavonoids
Estimation of the total flavonoids in the plant extracts was carried out using the method of Ordon et al. [15] Briefly, a diluted solution (2 mL) of each extract was mixed with an equal volume of aluminum trichloride (AlCl3) in methanol (2%). The absorbance was read at 420 nm after 1 h against a blank sample consisting of a methanol (2 mL) and extract (2 mL) without AlCl3. Quercetin was used as reference compound to produce the standard curve, and results were expressed as g of quercetin equivalents (QEs)/g of dry mass using the following equation based on the calibration curve: y = 0.0322x − 0.0146, R 2 = 0.9969, where x was the absorbance and y was the QE (mg/g).
HPLC-MS analysis
Polyphenol analyses were performed using an Agilent 1200 RR HPLC coupled to a diode array detector and mass spectrometer (QSTAR, Elite mode) (Agilent Technologies, Palo Alto, CA, USA). A C18 analytical column of 2.5 mm × 50 mm and 2.6 µm particle size (Kinetex XB-C18) was used. The inlet flow rate was maintained at 0.4 mL/min. The column oven temperature was set at 40°C. 
Mass spectrometry conditions
Mass spectrometry was performed using a QSTAR Elite LC-MS-MS system coupled with an electrospray ionization (ESI) interface and was operated in negative ion mode. In this study, the parameters were optimized as follows: ESI voltage, −4200 V; nebulizer gas, 60; auxiliary gas, 50; curtain gas, 32; turbo gas temperature, 400°C; declustering potential, −60 V; focusing potential, −190 V; and declustering potential, −15 V. The samples were analyzed with an informationdependent acquisition method, which can automatically select candidate ions for the MS-MS study. The TOF mass range was set from m/z 70 to 800. The collision energy was set to 30 eV to observe the pseudomolecular [M − H] − ion. The accurate-mass capability of the TOF analyzer allowed reliable confirmation of the identity of the detected metabolites, normally with mass errors below 5 ppm in routine analysis, which was sufficient to verify the chemical constituents in A. herbaalba. The mass analyzer was calibrated using Taurocholic acid (2 ng/µL) by direct injection at a flow rate of 5 µL/min. The data were acquired and processed using Analyst QS 2.0 software.
Quantification
A commercial patron called "Ginkgo biloba flavonoids mix" of sigma was acquired -Aldrich containing quercetin, kaempferol, and isorhamnetin. The stock solutions of reference standards were prepared by dissolving them in methanol (100 μg/mL). Calibration curves were established by diluting the stock solutions with methanol in appropriate quantities. The quantities of compounds were calculated from an external standard calibration curves established on four concentrations in the following range: 8.5-100 mg/mL for quercetin, 4-80 mg/mL for kaempferol, and 4-73 mg/mL for isorhamnetin. The data relevant for obtaining the calibration curves are shown in Table 2 .
Results and discussion
Effect of harvest time on yield and components of polyphenols
Results of quantitative estimation of phenols in the aerial parts of A. herba-alba during the different harvest date are given in Fig. 1 . The content of phenols varied significantly with harvest time. The lowest level of phenols was detected in November (265 ± 48 mg/g DMW), whereas the highest content was enregistered during July late vegetative stage (515 ± 142 mg/g DMW). A consistent decrease in the amounts of phenols was observed during May with 257 ± 87 mg/g DMW. Sellami et al. [16] reported the highest accumulation of total phenolics at the late vegetative stage of Origanum majorana. These results suggest that the late vegetative stage could be characterized by the maximum growth period of this plant. In fact, it could be postulated that during the late vegetative stage, the plant accumulates phenolics to prepare itself to the lignification process in order to slow down its growth. The summer season is known by the simultaneous presence of many types of abiotic stress (high temperatures, lack of water, solar radiation). The accumulation of phenolic compounds for this season may be due to the fact that during this critical period of the year, the protection of the plant is mainly ensured by the synthesis of phenolic compounds strongly accumulated during this season. [16] Indeed, it is well known that flavonoids and phenolic acids play important role in the mechanisms of adaptations of plants to several stresses. [17] In another studying, seasonal change in contents of phenolic compounds in several species, such as Boerhavia diffusa, Sida cordifolia, [18] Hypericum pruinatum, [19] Thymbra spicata, and Satureja thymbra, [20] investigators have found a maximal production of phenolics at flowering. Regarding these variations in the accumulation of secondary metabolites in A. herba-alba plants, it could be concluded that the physiological stage of the plant affects the choice of best harvesting time. 
Identification of phenolic compounds by HPLC-DAD-ESI-TOF-MS
To determine the phenolic profile in A. herba-alba, the extracts were analyzed by HPLC coupled to DAD and ESI-TOF-MS. Peak identification was performed on the basis of their retention times, their UV-vis and mass spectra together with the information previously were reported in the literature. The results are shown in Table 3 and Fig. 2 . In the present work, a total of 26 phenolic compounds were identified in the methanolic extracts of A. herba-alba, 12 of them (Vitexin, Tomentin, 5,3′-dihydroxy-7,4′-dimethoxyflavanone, Chrysoeriol, Tectorigenin, Iristectorigenin A, Iristectorigenin B, Irigenin, Skullcapflavon I, Skullcapflavon II, Cirsiliol, Chrysoeriol-methyl-ether) were identified for the first time for this material. The substances were 8 phenolic acids, 12 flavones, 4 isoflavone, 1 flavonol, and 1 flavanone. In a previous study, vicenin-2, isoschaftoside, cirsilineol, cirsimaritin, acacetin were identified in extracts of A. herba-alba collected from Sinai. [31, 32] Also, ferulic acid was previously identified and described in A. herba-alba and in other Artemisia species. [33] 3,4,5-Tricaffeoylquinique acid, 3,5-dicaffeoylquinique acid, and 3-caffeoylquinic acid have been detected previously in study of Dahmani-Hamzaoui et al. [34] Caffeoylquinic acids were identified in several Artemisia species. [34] Chrysoeriol was reported for the first time in this species. Thus, this compound was detected in Artemisia frigida. [32] Cirsiliol was well described in Artemisia annua, in Artemisia campestris [35] and as far we know, it was tentatively determined in this species for the first time.
Variation of the amounts of different phenolic acids and flavonoids compounds during the three harvest time is given in Table 4 . Results showed that during the all harvesting date, dicaffeoylquinic acid and its derivatives were predominant. These results are in agreement with those of Carvalho et al. [36] who [28] 35.54 343 328, 313, 299, 285 5,7-Dihydroxy-3′,4′,5′-trimethoxyflavone [27] 35.77 373 358, 343, 328, 315 Skullcapflavon II [28] 36 283 268, 239 Acacetin [29] 36.25 313 298, 283, 270, 255 Chrysoeriol-methyl-ether [30] 39. reported that caffeic acid and ferulic acid conjugates were the most dominant hydroxycinnamic acids in Artemisia leaves of A. annua, A. arborescens, A. ludoviciana, A. oleandica, A. princeps, and A. stelleriana. Dicaffeoylquinic acid showed an important decrease from 12.6 mg/g DW in July to 3 mg/g DW in November but then increased to achieve the amount of 13.1 mg/g DW in May. The levels of caffeic and ferulic acid conjugates in the A. herba-alba during the three harvest date were much higher than those reported by Carvalho et al. [36] in six species of Artemisia. However, Sellami et al. [16] reported high amounts of caffeic acid dimer at the late vegetative stage of O. majorana. November (the flowring stage) was characterized by the highest levels of flavonoids (8.3 mg/g of DMW) and the lowest contents of phenolic acids (3 mg/g of DMW) whereas May (the early vegetative stage) was characterized by the lowest contents of flavonoids (4.9 mg/g of DMW) and the highest levels of phenolic acids (14.2 mg/g DMW). These results are in agreement with those of Papageorgiou et al. (2008) and Sellami et al. [16] who reported that flavonoids were predominant during the flowering stage of O. majorana. Also, Skrzypczak- Pietraszek et al. [37] reported the contents of flavonoids and phenolic acids are lowest at the beginning of vegetative period and increase during summer to achieve the highest amounts at the end of phenological cycle. Our results on flavonoids in A. herba-alba herb suit to that pattern. On the other hand, Tan et al. [38] obtained for Asiatic species -Artemisia scoparia -quite opposite results: lowest contents of phenolic acids and highest levels of flavonoids at the end of vegetative period.
Phenolic composition of A. herba-alba varied significantly with growth stage. In fact, in May (spring) and in July (summer), phenolic acids were the major compound (14.2 mg/g of DMW, 13.4 mg/g of DMW, respectively) followed by flavone (2.7 mg/g of DMW, 3.3 mg/g of DMW, respectively), isoflavone (1.9 mg/g of DMW, 3 mg/g of DMW, respectively), and flavonol (0.3 mg/g of DMW, 00 µg/g of DMW, respectively). In November, flavone became the major compound (6.4 mg/g of DMW) followed by phenolic acids (3 mg/g of DMW), isoflavone (1.4 mg/g of DMW), and flavanone (0.5 mg/g of DMW). These are in agreement with the reported results of Sartor et al. [39] who proved that the levels of caffeic acid of Baccharis dentata were, in general, higher in spring, summer. Also the increased concentrations of caffeic acid and chlorogenic acid were found in Nicotiana tabacum and Mahonia repens cultivated under low temperatures. [29] The UV/vis spectrophotometric determination is one of the most widely used methods for quantification of total flavonoids in raw plant materials due to its simplicity, low cost of implementation, and wide availability in laboratories for quality control. On the other hand, the HPLC analysis is an analytical procedure more sensitive and selective in the area of natural products to quantify isolated substances and is widely used for all classes of flavonoids. [30] When comparing simple spectrophotometric and HPLC quantification methods to one another, the responses of spectrophotometric methods are far superior to the results observed for HPLC. The reason for this difference in values is that during the HPLC analysis, we were unable to identify and quantify all the flavonoid compounds in our samples where there are five flavonoid compounds remaining unknown.
Despite the wide applicability of the both techniques mentioned above, some questions about the specific city and comparability of their results have been done in view of the broad structural variability presented by the flavonoid compounds, as well as limitations inherent in each methodology. Accordingly, several scientific studies conducted with both procedures have shown conflicting results. Moreover, the choice to quantify a set of compounds or isolated compounds in biological matrices such as herbal material is a very controversial point in the analysis and quality control. [30] Conclusion A. herba-alba is a rich source of polyphenol compounds, the levels of phenolic compounds, including flavonoids, varied in quantity and quality depending on the harvest time. Twelve new compounds were successfully characterized for the first time from A. herba-alba sample. The new phenolic compounds detected were 1 C-glycosyl flavone (Vitexin), 1 flavonol aglycone (Tomentin), 2 flavanone aglycones (5,3′-dihydroxy-7,4′-dimethoxyflavanone, Chrysoeriol), and 4 isoflavone aglycones (Tectorigenin, Iristectorigenin A, Iristectorigenin B, Irigenin), 4 flavone aglycones (Cirsiliol, Skullcapflavon I, cirsilineol, Skullcapflavon II). In A. herba-aba samples, phenolic acids predominate in both vegetative stages, while flavonoids are the most important at the flowering stage. The results show is not possible recommended the best time for collecting of A. herba-alba herb because the chemical profile of phenolic compound were greatly affected by growth developmental stages. Finally, the richness of A. herba-alba in phenolic active compounds known for their antioxidant, antimicrobial, and insecticidal activities could support the utilization of this plant in a large field of application including cosmetic, pharmaceutical, agro alimentary, and biological defense.
